We fit lattice-QCD data for light-pseudoscalar masses and decay constants, from HISQ configurations generated by MILC, to SU(3) staggered chiral perturbation theory. At present such fits have rather high values of χ 2 /d.o.f., possibly due to the lack of ensembles with lighter-than-physical sea strange-quark masses. We propose solutions to this problem for future work. We also perform simple linear interpolations near the physical point on two ensembles with different lattice spacings, and obtain the preliminary result ( f K / f π ) phys = 1.1872(41) in the continuum limit.
Introduction
A great deal of interesting physics is accessible from the detailed study of the decay constants and masses of the light pseudoscalar mesons. For example, a determination of the decay constant ratio f K / f π provides a competitive determination of the CKM matrix element |V us |, but the lattice errors limit the precision of the result [1] . Similar fits can give ratios of light-quark masses, and with nonperturbative or perturbative renormalization, absolute values of the masses themselves. In addition, chiral fits make possible the determination of important low-energy constants. Here we present a preliminary study of light pseudoscalar meson masses and decay constants using the highly improved staggered quark (HISQ) action [2] . The MILC collaboration has been generating HISQ configurations [3, 4] , which are expected to improve upon results from the "asqtad" staggered quark action. We attempt to fit the light pseudoscalar data with SU(3) staggered chiral perturbation theory (ChPT). Since data exists for light-and strange-quark masses that are very nearly physical, we also perform simple linear interpolations of the data to the actual physical point and obtain a preliminary result for ( f K / f π ) phys .
Ensembles and Correlators
Several ensembles have been generated by the MILC collaboration using the HISQ action, with 2+1+1 dynamical flavors and lattice spacings ranging from approximately 0.06 fm -0.15 fm. The ensembles used in this report are found in Table 1 . We use a notation in which m l is the common mass of the up and down sea quark, m s the mass of the strange sea quark, and m c the mass of the charm sea quark. Note that two ensembles have nearly physical m l , m s , and m c . Valence quarks are called x and y, and their masses are denoted by m x and m y respectively. Pseudoscalar mesons with valence quarks x and y have mass m xy and decay constant f xy .
Quark propagators were generated with various sources and sinks, with 8 -10 different valence-quark masses depending on the particular ensemble, and in the approximate range m were also generated for heavy-light physics, but were not used in this report.) From these propagators, pseudoscalar meson correlators were calculated with random-wall and Coulomb-wall sources, and point sinks. The random-wall and Coulomb-wall correlators were fit simultaneously with independent amplitudes and a common mass. Only the amplitude from the random-wall correlators was used to obtain the decay constant. Four different time slices on each lattice were used for the source locations, with the locations of these slices shifting as we went through successive configurations.
The fits started at a time t min from the source corresponding to ∼ 2.4 fm in physical units for all of the lattice spacings. This choice was made by examining, on all of the ensembles, the dependence of fitted quantities on t min . Fits including excited states and states of the opposite parity ("alternating states") did not improve the quality of the fit, so they were not used. The exception was one of the ensembles with a nearly physical light-quark mass, which required adding an alternating state.
We attempt to account for autocorrelations in the covariance matrix of the fitted masses and decay constants by using the following scaled covariance matrix in our chiral fits: Here C i j is an element of the original covariance matrix, and C
[b]
i j is the corresponding element of the covariance matrix after blocking the configurations with block size b. Note that the scaled covariance matrix only uses the diagonal elements of the blocked covariance matrix C [b] ii . This is necessary because we use blocks of size b = 10, and not all of the off-diagonal elements of C [b] i j can be determined with good accuracy.
Scale Setting
Before proceeding to do combined chiral fits of all the ensembles, it is necessary to determine accurately the relative scale between ensembles with different lattice spacings. For each lattice spacing we take the ensemble with m l = 0.1m s , and m s near the physical strange-quark mass. We look at masses m xx , and decay constants f xx , i.e., for pseudoscalars with two valence quarks of equal mass m x . Looking at the dimensionless ratio f xx /m xx as a function of m x , we find the value of m x for which f xx /m xx = R, where R is some fiducial value. We take R = 0.3575, which is the value of f xx /m xx at m x = 0.4m , as determined from a previous analysis using the asqtad action [5] . We give to this value of m x the name "m p4s ", or just m p for short, and the values of f xx and m xx at this point are called " f pp " and "m pp ". Thus we expect to find that m p ≈ 0.4m s on each of the HISQ ensembles we are using to set the relative scale, and the extent to which this is not true depends on the accuracy of the tuning of m s to the physical strange-quark mass, an issue to which we will return later. (We ignore any possible mistuning of the charm mass as a small effect).
In practice, we determine am p by looking at the three sets of valence masses am x = 0.3am s , 0.4am s , and 0.6am s , and putting a parabola through m 2 xx / f 2 xx vs. am x . Once we have determined am p and a f pp for a given lattice spacing, we can divide a f xy and am xy by a f pp for that lattice spacing, and similarly we can divide quark masses am x , am y , am l , etc., by am p . This puts everything in "p4s units". Quantities in p4s units are dimensionless quantities that are comparable between ensembles with different lattice spacings. 1 With all quantities in p4s units, a combined chiral fit can be carried out. The advantage of our method is twofold. First, since the unphysical "p4s point" is well within the parameters of the data set, it can be reached by simple interpolation. Second, masses and decay constants at this point tend to have smaller errors than other quantities that could be used to set the scale. Our method is similar to the scaling trajectory method of [6] .
SU(3) Staggered Chiral Fits
We use SU(3), partially quenched, rooted, staggered ChPT to fit the pseudoscalar masses and decay constants as a function of valence-and sea-quark mass. The NLO expressions for the pseudoscalar mass and decay constant are given in Refs. [7] and [8] , respectively. In our fits, we also include NNLO continuum terms from Ref. [9] , and add even higher-order analytic terms, which is similar to the previous asqtad analysis of Ref. [5] . In order to obtain a reasonable fit to ChPT, we find it necessary to impose a cutoff on the valence quark masses: m x +m y ≤ 0.6(m l +m s ). Also, our correlation matrix is close to singular, thus we smooth it by replacing all eigenvalues below 10 −5 with their average. This is done as a quick fix in order to obtain preliminary results, and in future fits we will thin the data set instead.
We show the results of the fit on a subset of the data in Figure 1 . The fit seems quite good to the eye, however when the covariances are included we see that the fit is not satisfactory: we get χ 2 /d.o.f. = 1747/380 = 4.6. If we do separate fits for each lattice spacing we get χ 2 /d.o.f. = 1.9, 4.7, 2.6, and 0.7 for a = 0.15 fm, 0.12 fm, 0.09 fm, and 0.06 fm respectively. As discussed in Sec. 3, we assume that m s is equal to the physical strange-quark mass when we set the relative scale, which can be checked by seeing if m p /m s = 0.4. In fact, we find 0.37 m p /m s 0.43 for the different lattice spacings, indicating some mistuning of m s . However, this cannot completely explain the poor fit because the χ 2 /d.o.f. is still large for fits to ensembles at single lattice spacings, where no scale setting is necessary.
Another possible reason for the lack of a good fit is that quark masses are too large for SU (3) ChPT to work well, at least at the order to which we are working. In the asqtad analysis, this problem was dealt with by doing an initial fit with only lighter quark masses to fix LECs up to NNLO (and thereby controlling the extrapolation to m phys l ), and then using the full set of quark masses to interpolate in the region of m phys s [5] . For the data set of this report (see Table 1 ), we only have one lighter-than-physical value of m s , so we cannot do something similar, at least in the sea sector. New ensembles are being generated that will make this possible in future work. Another possibility is to use SU(2) ChPT, in which the strange quark is considered heavy, to fit the data. Staggered ChPT expressions for masses and decay constants have now been worked out for the SU(2) case [10] . 1 That is, if we knew f pp in MeV, then any meson mass or decay constant in p4s units from any lattice spacing would only need to be multiplied by this single number to put it in physical units. A similar comment applies for m p and the quark masses. 
Linear Interpolations Near the Physical Point
In Table 1 we see that there are two ensembles with a nearly physical light sea-quark mass. Since we also have valence quarks with nearly physical light-and strange-quark masses, we can do a linear interpolation or extrapolation as necessary to the exact physical point. Figure 2 shows plots of m 2 xy and f xy vs. m x + m y for one of the ensembles with nearly physical sea-quark masses. The plot of m 2 xy is remarkably linear. The plot of f xy is linear for small quark masses, but when one of the valence-quark masses m y is heavier, the slope starts to depend on m y . The situation is similar for the other ensemble, not shown.
The observations of the previous paragraph suggest the following analytic fit form for a single ensemble:
We determine the values of the unknown coefficients A i -E i using data for am xy and a f xy at fit, which could be due in part to strange-quark mistuning, and also possibly to the sea and valence strange-quark masses being too large for ChPT to work well. New ensembles with lighter sea strange-quark masses will allow us to address these issues in future work by 1) allowing us to correct for strange-quark mistuning, and 2) allowing us to use only lighter sea-and valence-quark masses to fix LECs to NNLO, and then to add higher order terms to interpolate near the strange mass using the heavier masses, which is an approach similar to Ref. [5] . We will also try using SU(2) staggered ChPT, which treats the strange quark as heavy. We were able to obtain the preliminary result ( f K / f π ) phys = 1.1872(41) using simple linear interpolations around data points with nearly physical quark masses. The error on our result is comparable to that on the average of lattice results: ( f K / f π ) phys = 1.193(5) [11, 12] , however we have included only the statistical error in our result. When the full fit to a much larger set of data points is performed, we expect to be able to obtain a rather precise result.
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